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[57] ABSTRACT

An X-ray system tester for measuring a set of electrical
signals comprising anode voltage, cathode voltage,
anode current, filament current and line voltage pro-
duced by an X-ray system during the operation of such
system. A selector is provided, which couples one of
the electrical signals of the sets thereof produced or one
of a plurality of processing control signals entered by an
operator from a control panel, to a digitizing section,
selectively in accordance with control signals provided
to the selector by a computing section. The digitizing
section converts the selected signal whether produced
by the X-ray system or entered from the control panel,
into a train of pulses having a frequency proportional to
the value of the selected signal. The pulses in the pulse
train are counted by a counter. The number of counts
being used by the computing section to determine the
frequency, and hence, the value of the selected signal.
This computed value is stored in a computing memory
section and the computing section which there selects a
different one of the electrical signals for processing.
The computing section is also adapted to store a plural-
ity of the sets of electrical signals produced during a
corresponding sequence of operational intervals of the
X-ray system and determines a measure of the deviation
of any selected one of the stored electrical signals over
the sequence of operating intervals. The operator of the
tester 18 able to recall from storage each one of the
electrical signals produced during the sequential opera-
tional intervals to aid the operator in analyzing the
operation of the X-ray system. |

14 Claims, 24 Drawing Figures
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1
X-RAY SYSTEM TESTER

BACKGROUND OF THE INVENTION

This invention relates generally to an X-ray system
tester and more particularly to an X-ray system tester

adapted to measure a variety of operating parameters of

an X-ray system and provide information to an X-ray
equipment technician to enable such technician to test
the X-ray equipment and ensure that such equipment
operates properly and in accordance with certain safety
requirements.

It 1s well known in the prior art that an X-ray beam
emanating from an X-ray tube may be passed through a
selected portion of a patient to produce a shadow image
of the internal structure of the patient on an aligned
X-ray film. The quality of the X-ray image is dependent
upon the intensity of the X-ray flux which in turn, is
proportional to X-ray tube anode current (mA) and to
the time duration of the X-ray exposure.

The product of average anode current and X-ray

exposure time duration yields an exposure quantity
milliampere-seconds parameter sometimes referred to

as (MAS). The parameter MAS must be large enough
on the one hand to provide the desired X-ray image on
the film while small enough on the other hand to pro-
tect the patient from excessive exposure to X-radiation
and also protect the X-ray target from damage due to
excessive heat.

~ Further, the quality of the X-ray shadow image is also
dependent upon the penetrating ability of the X-ray
beam. In operation, electrons emitted from the cathode
are beamed electrostatically onto a focal spot area of an
anode target with sufficient energy to generate X-rays
which emanate from the anode target in a beam. The
maximum energy of X-rays in the beam is proportional
to the maximum kinetic energy obtained by the beamed
electrons emitted from the cathode, which is a function
of the voltage applied between the cathode and anode
electrodes during operation of the tube. Consequently,
If the selected portion of the patient is comprised of
fleshy tissue the voltage applied between the cathode
and anode electrodes of the X-ray beam should be rela-
tively low in order to generate correspondingly low
energy, or soft, X-rays since soft X-rays have sufficient
energy to penetrate through the fleshy tissue in the
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selected portion and produce on the aligned film an

X-ray having the desired resolution and contrast for
defining detail structure. Conversely, if the selected
portion of the patient is comprised of bony structure,
the voltage applied between the cathode and anode
electrodes should be relatively high in order to generate
sufficiently high energy, or hard, X-rays which can
penetrate through the more dense bony structure.

Further, the quality of the X-ray image is also related
to the filament current of the X-ray tube because the
anode current 1s a function of such filament current and
the anode current establishes the X-ray flux intensity of
the tube.

Still further, the quality of the X-ray image is depen-
dent upon the regulation of the supply or line voltage
supplied to the X-ray generator during an exposure
interval. That 1s during an interval of operation of the
X-ray tube the X-ray tube presents a load to the X-ray
- generator, which may cause a drop in line voltage. This

drop in line voltage causes reductions in both anode

current and the peak voltage across the anode and cath-
ode electrodes. Thus, in order to determine if the equip-
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2

ment has the desired anode-cathode voltage and anode
current when the equipment is in actual operation it is
necessary to take into account the loading effect of the
equipment on the supply.

SUMMARY OF THE INVENTION

In accordance with the present invention, an X-ray
system tester is provided for measuring a plurality of
operating parameters of an X-ray system such as anode
voltage or cathode voltage or anode plus cathode volt-
age, anode current, and filament current or line voltage,
such system including a selector fed by a plurality of
electrical signals provided by the X-ray system and a
control signal for coupling a selected one of the plural-
ity of electrical signals, to a digitizing section for con-
verting the selectively coupled one of the electrical
signals into a train of pulses, having a frequency repre-
sentative of the selectively coupled one of the electrical
signals. The train of pulses is processed by a computing
section which determines the value of the operating
parameter in accordance with the frequency of the train
of pulses. With such an arrangement, the computing
section determines all the operating parameters of the
X-ray system from a common form of input data,
namely the frequency of a train of pulses, and thereby
reduces the cost and complexity of the X-ray system
tester.

In accordance with an additional feature of the inven-
tion, signals entered through a control panel provide
additional inputs to the selector. These control panel
signals typically include a system delay signal, a peak
voltage (K'V) delay signal and a trigger level signal. The
selector 1s used to couple a selected one of the control
panel signals to the digitizing section for conversion
Into the train of pulses again having a frequency repre-
sentative of the coupled one of the control panel signals.
The computing section then determines the frequency
of the coupled one of control panel signals and hence
the value representative of the coupled one of the con-
trol panel signals. This value, representative of the cou-
pled one of the control panel signals, is then stored in a
memory of the computing section for use during an
operational interval of the X-ray generating system.
With such an arrangement, the computing section is
adapted to determine both the control panel signals and
the parameters of the X-ray system from the same form
of input data, namely the frequency of a train of pulses,
to thereby, reduce the cost and complexity of the X-ray

system tester.
In accordance with an addiftional feature of the inven-

tion, the system delay signal introduced from the con-
trol panel 1s used by the computing section to delay
processing of X-ray system operating parameters until a
period of time corresponding to the value of the system
delay signal has elapsed. When such time has elapsed
the computing section issues commands to initiate the
computation of the selected X-ray system operating
parameters. The operating parameters are only deter-
mined over a predetermined interval of time, or win-
dow, starting at the end of the delay interval. With such
an arrangement, the system delay feature may be used
to obtain values for anode current or filament current
spaced at different points in time during different expo-
sure intervals. The values may be used to ascertain the
operability of X-ray systems employing filament/anode
current regulators. |



4,578,767

3

In accordance with an additional feature of the inven-
tion, the trigger level signal introduced from the front
panel is stored in a memory of the computing section
and is used to produce a trigger threshold signal. The
stored trigger level signal is, when desired, read from
the memory and is supplied by the computing section to
a digital to analog (D/A) converter. The output of the
D/A converter is connected to one input of a compara-
tor. The second input of the comparator 1s connected to

a selected one of the X-ray system operating signals. A
trigger pulse is generated at the output of the compara-
tor when the selected one of the operating parameters

exceeds the trigger level signal. With such an arrange-
ment the trigger level signal is converted to a digital
word and such word is stored in a memory, to provide
a trigger level signal which is not subject to drift gener-
ally associated with trigger level signals stored by using
capacitors or other non digital types of storage ele-
ments.

In accordance with still another feature of the inven-
tion, the processor is adapted to store in the memory a
plurality of sets of electrical signals, corresponding to a
plurality of operating parameters of the X-ray system
produced during a corresponding sequence of opera-
tional intervals of the X-ray system, and determine a
measure of deviation for selected ones of the operating
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parameters over the sequence of operating intervals.

With such an arrangement the X-ray system tester pro-
vides additional data to the technician when testing the
X-ray system. |
+ In accordance with still another feature of the inven-
tion, the processor is adapted to recall from storage,
~selectively in accordance with an operator request sig-
nal, each one of the electrical signals produced during
the sequential operation. With such an arrangement, the
X-ray system tester provides a further aid to the techni-
cian during testing of the X-ray system.

. BRIEF DESCRIPTION OF THE DRAWINGS

~ The above-identified and other features of the inven-
tion will become more apparent by reference to the
following description taken together in conjunction
with the accompanying drawings in which:

FI1G. 1 is an overall block diagram of the preferred
embodiment of an X-ray system tester showing a typical
interface to an X-ray system;

FIG. 2 is a diagram showing the relationship between
FIGS. 2A and 2B;

FIG. 2A 1s a block diagram of an input parameter
sensing section used to sense anode current, tube volt-
ages, and line voltage/filament current and employed in
the X-ray system tester of FIG. 1;

FIG. 2B is a block diagram of a selector section and
triggering section employed in the X-ray system tester
of FIG. 1;

FIG. 3 is a block diagram of the digitizing section
used 1n the X-ray system tester of FIG. 1; |

FIG. 4 is a block diagram of the computing section
used in the X-ray system tester of FIG. 1;

FIG. 5A is a time history of a tube voltage denved
trigger signal used by the X-ray system tester of FIG. 1
and a pictorial representation showing the effect of an
anode current derived trigger to compensate for cable
capacitance error introduced by the tube voltage de-
rived trigger signal;

FIGS. 5B and 5C are time histories of a trigger source
signal such as anode current, to illustrate the effect of
trigger level on measured exposure time;
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FIG. 5D is a time history of line voltage useful in
understanding the system delay concept of the X-ray
system tester of FIG. 1, in measuring line voltage under
a falling load condition;

FIG. 5E is a time history of anode current useful 1n
understanding the system delay concept of the X-ray
calibrator system of FIG. 1 and such concept being used
to investigate anode current regulator action during a

selected time interval;
FIG. 6 is the front panel of the X-ray system tester of

FIG. 1; and
FIGS. 7-16 are process flow diagrams useful in un-

derstanding the operation of the X-ray system tester of
FIG. 1.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

Referring now to FIG. 1, an X-ray system tester 10 1s
coupled to an X-ray system 11, as shown. The X-ray
system tester 10 is used to measure a set of operating
parameters of the X-ray system 11, here including
anode current, exposure quantity (MAS), peak cathode
and peak anode tube voltages, filament current and line
voltage. The knowledge of the values of these parame-
ters will enable an X-ray equipment technician to ensure
that the system operates properly and in accordance
with specified safety requirements. The X-ray system
tester 10 includes: an analog preprocessing section 40
disposed for electrically sensing a set of analog signals
proportional to the set of operating parameters of X-ray

-system 11; a digitizing section 60 electrically connected

to the outputs of the analog preprocessing section 40 for
converting the set of analog signals into a set of digital
signals representative of X-ray system operating param-
eters; a computing section 70 electrically connected to
the digitizing section 60, for processing the digitized
information produced by the digitizing section 60; a
front panel section 80 having front panel control switch
section 82 and display section 84 electrically connected
to the computing section 70, as shown for providing
control parameter information selected by the techni-
cian and for displaying the measured X-ray system pa-
rameters.

The X-ray apparatus 11 here includes an X-ray tube
12 of the conventional type, used to produce a beam of
X-rays (not shown), a power transformer 30, a high
voltage unit 20 fed by the power transformer 30 for
producing and sensing anode and cathode voltages
applied to X-ray tube 12, and a filament power supply
18. X-ray tube 12 comprises a substantially evacuated
envelope 15 wherein a cathode 16 is disposed for therm-
ionically emitting electrons onto a spaced anode target
14 to generate an X-ray beam (not shown) which
emerges from X-ray tube 12 in a conventional manner.
Cathode 16 here of the filmentary type, includes a ter-
minal conductor 19 electrically connected to a filament
power supply 18, which provides the necessary current
for heating the cathode to electron emitting tempera-
tures and to a negative terminal 31 of high voltage unit
20, here the type described in U.S. Pat. No. 4,034,283,
granted Jan. 14, 1977, to Anthony Pellegrino and as-
signed to the assignee of this invention. Anode 14 1s
electrically connected to a positive terminal 32 of the
high voltage unit 20 by a conductor 23. The high volt-
age unit 20 has a first high voltage input terminal 33
connected to a high voltage cable 25. The high voltage
cable 25 is connected to a high voltage generator 30.
The high voltage unit 20 provides low voltage output
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signals corresponding to the anode voltage and to the
cathode voltage produced during an X-ray exposure
interval. A low voltage multiconductor cable 24 which
includes lines 50, 51, 52, 53 and 54, is connected to the
high voltage unit 20 and is used to supply input signals
for analog preprocessing unit 40. A signal representa-
tive of anode voltage (A) is produced on line 50 and a
signal representative of cathode voltage (C) is produced
on line 51. A signal representative of anode current (ma)
1s produced on line 52, a signal representative of fila-
ment current (Ir) i1s produced on line 53 and a signal
representative of line voltage (V) is produced on line
5.

The analog preprocessing unit 40 (explained in fur-
ther detail in conjunction with FIGS. 2A and 2B) in-
cludes an anode or voltage cathode (A)/(C) sensing and
storing section 41, an anode current (ina) section 42, an
RMS voltage or current sensing and storing section 43,
a trigger section 44 and a selector section 45. The pro-
cessing unit 40 is coupled to the X-ray system 11 by the
multi-conductor cable 24. Low voltage cables 50 and 51
of cable 24 are connected to a A/C voltage sensing and
storing section 41. The (A)/(C) voltage sensing and
storing section 1s used to sense either peak anode volt-
age (A), or peak cathode voltage (C), or peak anode
plus cathode voltage (A 4+ C), selectively in accordance
with a control signal fed thereto from computing sec-
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tion 70 via lines 72a-72¢ in a manner to be described

hereinafter. Low voltage cable 52 of cable 24 is con-
nected to an anode current section 42, such section 42
being used to 1solate an input voltage signal propor-
tional to X-ray tube anode current (ma), here produced
by the high voltage unit 20 from the selector section 45.
The input voltage signal proportional to anode current
(ma) 1s here generated from an anode current sensor
(not shown) within high voltage unit 20 of a type dis-
closed in my U.S. Pat. No. 3,963,931 entitled “X-ray
Tube Current Monitor” 1ssued June 15, 1976 and as-
signed to the assignee of this invention. L.ow voltage
cable 53 of cable 24 is used to connect the RMS vol-

©  tage/current sensing and storing section 43 to a filament

current sensor which provides a signal representative of
the RMS value of filament current. The filament cur-
rent sensor (not shown) within high voltage 20 is here of
a type disclosed in U.S. patent application Ser. No.
167,997, filed July 14, 1980, entitled “X-ray Tube Volt-
age Indicator” by Richard L. Barrett, and assigned to
the assignee of this invention. Cable 54 of cable 24 is
used to connect section 43 to line voltage sensor, which
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provides a signal representative of the RMS value of 50

line voltages. The line voltage sensor is here of a type
disclosed in the above-mentioned U.S. patent applica-
tion Ser. No. 167,997. The RMS voltage/current sens-
1ing and storing section 43 is used to convert the RMS

value, the X-ray tube filament current (IF) or the X-ray

generator line voltage (V) to a DC or average value
signal selectively in accordance with a control signal
fed thereto from computing section 70 via lines 72d-72¢
and 72/ in a manner to be described.

Selector section 45 is electrically connected, via a
first input line 46, to the output of (A)/(C) voltage
sensing and storing section 41; via a second input line 47
to the output of anode current section 42, and via a third
input line 48 to the output of RMS voltage/current
sensing and storage section 43. Selector section 435 i1s
also connected to control panel 82 via input lines 57, 58
and 59 which couples to selector section 45 the analog
voltage levels representative of control panel 82 param-
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eters to be discussed in further detail in conjunction
with FIG. 2A. Suffice it to say here, however, that
selector section 45 is used to couple one of the input
lines 46, 47, 48, 57, 58 or 59 to the output of the selector
section 45 selectively in accordance with a control sig-
nal fed to such section 45 from a computing section 70
via bus 72/~72h in a manner to be described.

The triggering section 44 is used to produce a trigger
pulse signal during an exposure interval from a selected
one of the plurality of trigger signal sources. Such trig-
ger signal sources, including instantaneous anode cur-
rent, (ma) instantaneous anode plus cathode voltage
(A4 C) anode voltage (A) or cathode voltage (C) selec-
tively in accordance with a control signal produced by
computer section 70 and fed to trigger section 44 via
lines 72i-72k in a manner to be described. This trigger
pulse signal is used by computing section 70 to deter-
mine the start and duration of the exposure interval.

A digitizing section 60 includes a voltage to fre-
quency converter (V/FC) 61, digital counting section
62 and gating section 63 explained in further detail in
conjunction with FIG. 3. Section 60 is coupled to the
preprocessing section 40 as shown. The voltage to fre-
quency converter section 61 is used to convert the out-
put of the parameter selector section 45 into a train of
pulses having a frequency proportional to the level of
the parameter selectively coupled to the output of selec-
tor section 45. The output of the voltage to frequency
converter section 61 is connected to the digital counting
section 62, such section 62 being used to count the num-
ber of pulses in the pulse train during the exposure
interval. This count is used to determine the value of the
coupled parameter 1n a manner to be described in con-
junction with FIG. 4. The output of the triggering sec-
tion 44 is connected to gating section 63. The gating
section 63 generates signals for computing section 70
which 1ndicate to the computing section 70 the begin-
ning and end of the exposure interval.

Computing section 70 (explained in further detail in
conjunction with FIG. 4) 1s connected to the digitizing
section 60 and preprocessing section 40, as shown. The
computing section 70 supplies control signals to the
analog preprocessing section 40 via X-ray calibrator
control bus 72. Control bus 72 includes lines 72a-72m.
Front panel bus 74 is electrically connected to the front
panel section 80 and is used to couple signals to display
section 84 and to couple input signals from front panel
controls section 82 to computing section 70.

Now referring to FIG. 2A, the analog preprocessing
section 40 is shown in detail to include the (A)/(C)
voltage sensing and storing section 41 which detects
and stores a peak voltage signal of either anode voltage
(A) or cathode voltage (C) carried by cables 50 and 51,

respectively, as mentioned above. More particularly,

the (A)/(C) sensing and storing section 41 includes a
conventional amplifier 204 having an inverting input
(—) connected to anode voltage (A) sense cable 50. The
amplifier 204 is used to buffer a voltage signal propor-
tional to X-ray tube anode voltage (A) during an expo-
sure interval. The analog voltage (A) signal is propor-
tional to X-ray tube anode voltage, here one volt at the
output of amplifier 204 represents twenty kilovolts of
anode voltage. The output of amplifier 204 is applied to
a first mmput of analog switch 210, as shown. The
(A)/(C) sensing and storing section 41 also includes a
second amplifier 216 connected to cathode voltage (C)
sense cable S1. Such amplifier 216 is also used to buffer
a voltage signal proportional to X-ray cathode voltage
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(C) during an X-ray exposure interval. The analog volt-
age signal is proportional to X-ray tube cathode volt-
age, (C), here as one volt per twenty kilovolts of cath-
ode voltage. The output of amplifier 216 is applied to a
second input of analog switch 210.

Analog switch 210 is fed by control signals from
computing section 70 (FIG. 1) via control lines 72a, 72b.
A control signal on line 72a is used to selectively couple
or decouple the anode voltage (A) on line 50 to one

input 217’ of a voltage divider 217. A control signal on
control line 72b is used to selectively couple or de-

couple the cathode voltage (C) on line 51 a second input
217" of output voltage divider 217. The voltage divider
217 is connected to a noninverting input (+) of a sum-
ming amplifier 222. The output of summing amplifier
222 therefore represents anode voltage (A) when the
control signal on line 72a couples amplifier 204 to 1nput
217 and represents cathode voltage (C) when the con-
trol signal on line 72b couples amplifier 216 to input 217.
The output of amplifier 222 is applied to a peak voltage
detector section 226, such section 226 being used to
detect the peak of the applied voltage signal, here either
anode voltage (A) or cathode voltage (C). The output
of the peak voltage detector section 226 includes an
amplifier 225, a buffer 228, a capacitor 230 and a reset
line 224, connected as shown. Capacitor 230 stores a
charge which is proportional to the peak voltage pro-
duced at the output of amplifier 225. Buffer 228 1s used
to prevent discharge of capacitor 230 prior to sampling
- by the computing section 70 (FIG. 1). Reset line 224 is
~used to discharge capacitor 230 to ground through a
- field effect transistor (FET) switch 223 in response to a
 control signal fed to control line 72¢ from computing
- section 70 (FIG. 1). It is here noted that the capacitor
230 is reset prior to an exposure interval. Thus the ca-
pacitor 230 stores a signal representative of either peak
~ anode voltage (A) or cathode voltage (C). The output
of voltage divider network 217 is, in addition fed to
“amplifier 222 and fed to a resistor 219 to produce a
~signal on line 232 representative of the sum of the anode
- voltage (A) and cathode voltage (C); i.e. a sum signal
" (A+C), when the control signals on lines 72a and 72b
couple amplifier 204 to input 217° and amplifier 216 to
input 217". It is noted that when both amplifiers 204 and
216 are coupled to voltage divider 217, the sum of both
signals anode voltage and cathode voltage is obtained
since in general neither signal is referenced to a ground
potential.

The RMS voltage/current sensing and storing sec-
tion 43 is used to convert the filament current (I5) and
the line voltage (V1) carried by cables 53 and 54, re-
spectively, to corresponding RMS voltage signals. Sec-
tion 43 includes a conventional buffer amplifier 244
having a noninverting input (+) connected to filament
current (Ir) sense cable 53. The output of buffer section
244 is connected to a input 245 of analog switch 246.
The other input 247 of analog switching section 246 is
connected to line voltage sense cable 54. Analog selec-
tor switch 246 is fed by signals on control lines 724 and

72¢ of computer control bus 72. The signals on lines 72d 60

and 72¢ are used to selectively couple the RMS values
of either the filament current (I) or line voltage (V1) to
the output of analog switch 246. The output of analog
switch 246 is connected to a conventional RMS to DC
converter 248. The output of the RMS to DC converter
248 is connected to a conventional sample and hold
section 250. A sampling signal for the sample and hold
section 250 is supplied through control line 72/ from
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computing section 70 (FIG. 1). The DC value of either
filament current (Ir) or line voltage V 1s stored on
capacitor 252.

Cathode current section 42 is a conventional ampl-
fier used to buffer an input voltage signal proportional
to cathode current (I¢) carried by cable 52, as shown.

Now referring to FIG. 2B, selector section 43 in-
cludes a switch 245 having a plurality of input lines,
here lines 46, 47, 48 and a second switch 246 having a
plurality of input lines, here lines 57, 58, 59. Lines 46, 47,

48 are used to couple signals at the outputs of (A)/(C)
voltage sensing and storing section 41, cathode current

section 42 and RMS voltage/current sensing and stor-
ing section 43 (FIGS. 1 and 2A) to switch 245 and lines -
57, 58 and 59 are used to couple signals to switch 246
from the front panel 84. Selector section 45 further
includes a decoder 264. Decoder 264 is used to decode
signals on control lines 72/~72h of bus 72 produced by
computing section 70 to provide control signals for
switches 245, 246. These control signals are used to
selectively couple one of the plurality of inputs fed to
selectors 245, 246 via lines 46, 47, 57, 38, 59 to output
line 320 of parameter selector section 45. As mentioned
above, the signals on lines 46, 47, 48 represent: peak
anode voltage (A), peak cathode voltage (C) or peak
anode plus cathode voltage (A+C); filament current
(IF) or line voltage (V1); and anode current (ma) re-
spectively. The signal on line 57 represents a trigger
level signal, the signal on line 58 represents a system
delay signal, and the signal on line 59 represents a kilo-
volt (KV) signal. A line 320 is fed to V/FC section 61
FIG. 1). With such arrangement, analog signal levels on
lines 57, 58, 59 which are proportional to control panel
signals and X-ray operating parameter signals on lines
46, 47, 48 are channeled to a common digital conversion
circuit, namely, the voltage to frequency converter 61,
here a voltage controlled oscillator. This common
channel processing arrangement eliminates the need for
an expensive A/D converter for each signal.
Triggering section 44 has inputs coupled to here
(A)/(C) voltage sensing and storing section 41 via lines
231, 232 and anode current section 42 via line 47 as
shown. Triggering section 44 here includes trigger sig-
nal selector 282 having a first input 232 connected to
voltage divider 217 (FIG. 2A) via line 232, the signal
produced by divider 217 providing a first triggering
source signal proportional to the sum of anode and
cathode (A 4-C) voltage. Trigger selector 282 1s also
connected to the output of differential amplifier 42
(FIG. 2A) via line 47. This input provides a second
trigger source signal proportional to anode current
(ma). Trigger selector section 282 further includes a
third input connected to the output of summing ampli-
fier 222 (FIG. 2A) via line 231. This mput provides a
third trigger signal proportional to anode X-ray tube
voltage (A) or cathode X-ray tube voltage (C). Trigger
signal selector 282 couples one of the inputs to output of
selector 282 selectively in accordance with control
signals on lines 285. The output of selector 282 1s an
internal trigger source. The control signals on line 2835
are produced by a conventional decoder 280; such de-
coder 280 decodes control signals on lines 72i, 72j from
computing section 70. The output of selector 282 1s
connected to an input 283 of a second trigger selector
276. An additional input for the second trigger signal
selector 276 is connected via line 288 to an external
trigger source which may be entered from a connector
mounted on the chassis (not shown) of the X-ray testing
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system. Second trigger selector 276 is used to select
between the internal and external trigger source signals
in accordance with control inputs 72k and 72%. Control
signal 72k, which is obtained from inverter 291 is the
complement of 72k. An active high level on the control
line 72k will cause internal trigger source to be selected
whereas a low on line 72k will cause the output of in-
verter 291 which is connected to control line 72k be
high, thus selecting the external trigger source. The
selection of each trigger signal is explained in further
detail mn conjunction with FIG. 5. These signals are
used to select one of the inputs of second trigger selec-
tor 276 to a noninverting input (+ ) of a comparator 274.
'The mverting input of comparator 274 1s connected to
the output of a buffer 273. This buffer 273 couples a
signal from an 8-bit digital-to-analog (ID/A) converter
272 which corresponds to a reference signal fed to the
D/A converter from computing section 70 via bus 79 in
a manner to be described. Suffice it to say here, how-
ever, that when the level of the selected trigger source
signal coupled to the output of selector 276 exceeds the
level of the reference signal provided by buffer 273, a
trigger pulse 1s produced from comparator 274 on line
275. The trigger pulse on line 275 is fed to gating section
63 (FIG. 1). As will be described hereinafter the trigger
pulse 1s used by the gating section 63 to provide signals
to computing section 70 for reasons to be discussed.
Now referring to FIG. 3, digitizing section 60 in-
cludes a voltage to frequency (V/FC) section 61 con-
nected to the output of selector section 45 via line 320 as
shown. Voltage to frequency converter section 61 here,
a voltage controlled oscillator, is used to produce a train
of output pulses having a frequency proportional to the
level of an applied input signal voltage on line 320. The

output of voltage to frequency converter section 61 is
connected to an opto-coupler 304 (here a conventional

light-emitting diode and photodetector) of digital

counter section 62. The opto-coupler 304 is here used to
1solate analog signals and analog grounds from digital

-signals and digital grounds to achieve better noise im-
= munity. The output of optocoupler section 304, a rep-

lica of the output of the V/F converter section 61.

Digital counting section 62 also includes a conven-
tional divide by 4 prescaler section 306. This prescaler
section 306 1s here used to scale the input pulse train to
a lower pulse repetition level. This results in fewer
timeout interrupts from timer section 62 occurring dur-
ing an exposure interval The technique for handling
timeout interrupts will be discussed in conjunction with
FIGS. 7-16. Suffice 1t here to say that the reduced
number of interrupts reduces the computing load on
computing section 70. |

The output of the prescaler section 306 is connected
to a first asynchronous clock input CLK1 of the pro-
grammable timer 316. The programmable timer 316,
here part number MC6840 manufactured by Motorola
Semiconductor Products Inc., Phoenix, Ariz., includes
a palr of programmable counters 31842-318b, each one
having an asynchronous input fed thereto at CLCK1,
CLLCK2 respectively. The train of pulses connected to
input CLK1 are applied to counter 318a. A train of
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pulses having a known frequency is produced by a

known frequency source CLCK here the internal sys-
tem clock supplied by computing section 70, via line
401, and is fed to a second asynchronous clock input
CLK2 and is applied to counter 3185. The master clock
CLCK (FIG. 1) of computing section 70 feeds clock
pulses on line 401 to the programmable timer 316 at
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terrminal CLK to clock in pulses at terminals CLK1,
CLK2. The programmable timer 316 further includes
an mterrupt request line 784 which is the output of an
“OR gate” whose inputs are overflow signals from the
pair of programmable counters 3184-3185. The inter-
rupt request line 784 1s asserted each time one of the pair
of programmable counters 3184, 3185 reaches a prepro-
grammed number of counts. The pre-programmed num-
ber 1s selected by the pregram and is provided by the
stored program. Suffice it to say here, that when an
interrupt occurs on line 784, the computing section 70
determines which one of the timers 3184, 3185 initiated
the mterrupt. In this way the computing section 70 is
able to determine from counter 3184, the number of
pulses fed to input CLLK1 in a time interval determined
by the number of pulses fed to timer 3186 via input
CLK2, and hence the frequency of the pulses to the
counter 318a. Computing section 70 will re-program
the counters for new count sequences and re-enable the
timer section 316 for new interrupts.

Digitizing section 60 further includes a gating section
63. Gating section 63 includes, an opto-coupler 308
whose input is connected to the output of the triggering
section 44 via line 275. The signal produced by the
opto-coupler 308 is essentially a replica of the trigger
pulse on hne 275. The output of opto-coupler 308 is
connected to the clock mput of flip flop 310. A positive
transition on the output of opto-coupler 308 will cause
the output of flip flop 310 to change to the state pres-
ently occurring on the D input to the flip flop 310. The
D input to flip flop 310 is connected to its Q output, thus
flip/flop 310 is connected as a toggel flip flop. The Q
output of flip flop 310 is connected to the calibrator
status and interrupt bus 78 here via line 78a. The Q

output of flip flop 310 is also connected to computer
section 70 via calibrator status and interrupt bus 78 here

via line 78b. Lines 784 and 786 are monitored by the
computing section 70 (FI1G. 1) to determine the start

-and the end, respectively, of the trigger signal pulse on

line 275. When a signal on lines 78a, 78b is generated, an
interrupt to be discussed in conjunction with FIG. 11 is
produced. In response to this interrupt the contents of
timers 318a, 3185 are stored in a memory of computing
section 70 in response to signals fed to the programma-
ble timer 316 from the computing section 70 via bus 442
and enable signals fed to chip select (CS) and register
select (RS) lines 3194, 3195. Suffice i1t to say here, that
when interrupts occur on lines 78a, 785, the computing
section 70 reads the contents of the timers 3184, 318b via
bus 442. The contents of each timer 3184, 318b are then
stored in a memory of the computing section 70. The
output of opto-coupler 308 is also connected to the
input of an inverter 312 whose output is connected to a
clock 1mput of a second flip flop 314. A positive transi-
tion on the output of i1solator 308 will cause the clock
input on flip flop 314 to clock in a logic zero signal. The

D input of flip flop 314 is always connected to ground.
The Q output of flip flop 314, referred to here as the
“start exposure indicator” signal, is connected via line
78¢ to calibrator status and interrupt bus 78. This signal,
as with the “start trigger” and “end trigger” on lines 78a
and 78b, respectively, are monitored by the computing
section 70. The start exposure indicator signal is used to
indicate to the computing section 70 the start of an
exposure interval. The flip flops 310, 314 and the pair of
flip flops 306 in scaler section 62 are all initialized by a
control signal produced on a line 72n by computing
section 70.
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Now referring to FIG. 4, the computing section 70

includes a processor section 71, front panel interface
section 410, input/output select logic section 408 and
peripheral interface section 420 connected as shown.
The processor section 71 includes a microprocessor 400
here a Motorola 6802, having a processor interface
section 402, a program memory 404, a data memory
406, an address bus 444, data bus 446 and timing and
internal control bus 450. The processor section further
includes the system clock (not shown) and supplies a
clock signal via line 401 to the timer 316 (F1G. 3). These
buses are connected to the inputs of processor interface
section 402. Processor interface section 402 1s used to
buffer the address bus 444 and data bus 446 from the
remainder of the system. Processor interface section 402
also buffers all the internal timing and control signals
required by computing section 70. The output of pro-
cessor interface section 402 includes buffered data bus
440, the buffered address bus 442 and the buffered tim-
ing and control bus 448. Signals on these buses are used
to interface the processor 480 with the program mem-
ory 404, data memory 406, the I/0 select logic section
408, the front panel interface section 410 and the periph-
eral interface section 420, in a conventional manner.
Program memory 404, here a conventional program-
mable read only memory (PROM), stores a sequence of
instructions for providing control signals on bus 72
through the peripheral interface 1/F 420 for the prepro-
cessing section 40 and the digitizing section 60 (FIG. 1).
~ This sequence of instructions controls (A/C) sensing
~and storage section 41 (FIG. 1), RMS voltage/current
~ sensing and storage section 43 (FIG.1), selector 45
-(FIG. 1) and gating section 63 (FIG. 1).
- Data memory section 406, here a conventional ran-
dom access memory (RAM), operates as a scratch pad
memory to store intermediate data used in calculating
~ the selected operating parameter passed through selec-
~tor section 45 and converted into a digital signal by
digitizing section 60 and also stores sets of such operat-
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computing section 70 during an operational interval of
the X-ray system tester. The peripheral interface section
420 provides or accepts signals from bus 72, bus 78 and

bus 79.
The X-ray system tester 10 determines the value of an

operating parameter of the X-ray system, or a control
parameter as follows: the selected parameter to be de-
termined, for example anode current (ma), is coupled to
the output of selector 45 (FIG. 1) in accordance with
control signals fed via lines 72/-72h (F1G. 2B). The
coupled signal is converted to a train of pulses by the
V/F converter 61 having a frequency proportional to
the voltage level representative of anode current (ma).
This train of pulses is then fed to the digital timer 316
(FIG. 3) at input CLK1. The timer 318z then counts the
number of pulses in the pulse train. At a time related to
the start of the exposure interval, the timer 318b starts
counting the number of pulses of the known frequency
supplied via line 401 coupled to input CLK2. The num-
ber of pulses in both pulse trains (i.e. the digitized cath-
ode current parameter and the known frequency
source) are counted by the timers 318a, 3185 until the
occurrence of an overflow interrupt, as described, in
which case the contents of the timers 318a, 318b are
stored in the computing data memory 406. At the end of
the exposure interval as determined by the computing
section 70, the value of the selected parameter here (ma)
is determined by first determining the duration of the
exposure interval, T, (here the number of counts in
timer 3186 divided by the frequency of the known fre-
quency source CLCK). The number of counts in timer

~ 318¢ here represents MAS. The value of (ma) 1s then

35

"-ing parameters produced in response to a plurality of 40

“exposures and used to determine coefficients of varia-
“tion of a selected operating parameter over the plurality
of exposures in a manner to be described.

The 1/0 select logic section 408 is here a conventional
decoder, used to produce control signals on output lines
423 and 421 to control front panel interface section 410
and peripheral interface section 420 respectively. When
the processor 400 places an 1/0 address on the address
bus 440 such address i1s decoded by the 1/0 select logic
408. The 1/0 address selects the front panel data for use
by the computing section 70 and provides the display
section data.

The front panel interface section 410 includes a plu-
rality of registers 410q, 4105, 410c used to store data
introduced from the front panel switches 82. The con-
trol panel 82 will be explained in further detail in con-
junction with FIG. 6.

Peripheral interface section 420 includes here three
peripheral interface adapters (PIA) 4202-420c part
number MC6821 manufactured by Motorola Inc., Phoe-
nix, Ariz. A peripheral interface adapter (PIA) for ex-
ample, PIA 420z includes two programmable 8 bit par-
allel channels (not shown) which may be dynamically
configured as input or output channels. Suffice it to say
here that the computing section 70 will supply data via
the data bus 442 to a selected one of the programmable
channels of a selected one of the PIA’s in accordance
with control and status information determined by the
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determined by dividing the total number of counts ob-
tained from timer 318a by the exposure interval, T, (this
value here now, representing the anode current (ma))
i.e. the average anode current (ma) measured over the
exposure interval as discussed above. Thus, with a
knowledge of the voltage/frequency scale factor for the
V/F converter 61 (FIG. 1) and the voltage scale factors
for the preprocessing section 40 and X-ray system cur-
rent sensor (not shown), the value of the anode current
(ma) is then calculated by the computing section 70 as
MAS/T=ma. In a similar manner, peak anode voltage
(A) or peak cathode voltage (C) or peak anode plus
cathode voltage (A 4 C) or filament current (Ip or line
voltage (V) or the trigger level signal on line §7 or
system delay signal on line 58 or the KV delay signal on
line 59 (FIGS. 2/3) may be determined by coupling one
of the above-mentioned parameters to the V/F con-
verter section 61 via the selector 45 as described above.
The number of pulses in the resulting pulse train is
counted in a similar manner as described above. How-
ever, unlike the determination of anode current (ma)
and MAS, as described above, the timer 318b deter-
mines the number of pulses of the known frequency
source CLCK as described over a measurement inter-
val, the duration of which 1s controlled by the comput-
ing section 70 in accordance with a preselected time
interval rather than over a time interval related to the
exposure interval.

Referring now to FIGS. SA-5E, examples of various
triggering modes will be described. A selected trigger-
ing source signal is used to produce the trigger pulse on
line 275 (FIG. 2B). The trigger pulse is used to indicate
to the computing section 70 the initialization of an expo-
sure interval. Anode current (ma), cathode voltage (C),
anode voltage (A), an external trigger signal may be
used as the trigger source signals fed to comparator 274
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(FIG. 2B). Anode current (ma) or anode voltage (A) or
cathode voltage (C) may be used as trigger signal
sources in one of two modes. In a first mode a prese-
lected threshold level of the selected source signal is
provided to the X-ray tester 10 by the technician via a
control panel 82 to be described in connection with
F1G. 6. In a second mode the threshold level is selected
by the technician as a preselected percentage of the
actual value of the level of such signal during the last
previous exposure. That is, for example if the selected
trigger signal source is anode current (ma), in the sec-
ond mode the technician selects as the trigger level a
percentage of the level of anode current actual pro-
duced by the X-ray system during the last previous
exposure. |

Anode current triggering is useful in systems where
long cable lengths cause the cables to hold a charge at
the end of the exposure. For example, referring to FIG.
SA the anode or cathode voltage waveform as a func-

tion of time is shown for a system having long cable
lengths. It is noted that at the end of the exposure the

anode or cathode voltage does not rapidly return to
zero because of the capacitance of the cables, hence use
of anode or cathode voltage as a trigger signal source in
such system 1s not desirable because of the error intro-
duced in measure of exposure time interval. By trigger-
ing on X-ray tube anode current, however, the exposure
time will be determined accurately since such current
will go to zero when X-ray emission stops.

FIGS. 8B & 5C show an operating parameter for
example anode current from selector 45, and the actual
and measured time of exposure for a 10% and a 50%
trigger level from amplifier 273. With a 10% trigger
source level the expected error area is shown under the
curve from zero trigger level point to 10% trigger level
point and the measured time of exposure is shown
within the two points. At a trigger level of 50%, as

-~ shown in FIG. 5¢, the error area gets correspondingly

larger and the measured exposure time is correspond-
ingly smaller. With a 10% trigger level this corresponds

" to error of 0.53 ms, and at a 50% trigger level this error

1s nearly four times as great corresponding to an error of
2.7 ms. Since time and cathode current are intimately
related, (cathode current is a value calculated from
time, as explained previously), the selection of the
proper trigger level is sometimes critical in order to
obtain correct anode current measurements. Generally
for single phase systems, the trigger level should be set

as low as possible
the electrical noise present) in order to obtain an
accurate reading. For most single-phase applications,

the proper trigger level is 10% of the trigger source.

For three phase systems, the trigger level should be set

to the intersection of the voltage pulse with 75% of the
peak voltage signal, unless the equipment manufacturer
recommends a different trigger level.

A system delay feature as shown in FIG. 5D i1s here
included in the X-ray system tester as explained previ-
ously. The system delay feature allows measurements to
be taken over a fixed interval, here as 20 ms, after a
varlable system delay D of up to 1 second for example
has elapsed. Some applications for which a system delay
feature may be useful are given below. With a falling
load generator, with several current values and time
intervals between these values, a window is desired to
set KV peak and emission at each step. A falling load
anode current (ma) waveform 1is illustrated in FIG. 5D.
To utilize the system delay mode, the system delay
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control 604 as further explained in conjunction with
FIG. 6 is turned to a delay greater than a minimum
activation delay period such as fifty milliseconds. A
predetermined sampling period here twenty millisec-
onds 1s used by the computing section 70 when the
system delay mode 1s selected. The value of the parame-
ter measured 1s not the value over the entire exposure
but only the value over the twenty millisecond interval.
Thus, anode current is averaged over a twenty millisec-
ond interval that is ma(gye)=MAS/0.02. Another appli-
cation for the system delay feature is as a test for sys-
tems employing automatic filament/anode current con-
trol.

Referring to FIG. 5E, anode current waveform is a
function of exposure duration (time) is shown with the
system delay feature sampling the waveform here anode
current (ma) at a selectable portion of the exposure
interval. The system delay is set to zero, for the first
exposure, the exposure is made and the data recorded.

Then the system delay position is set to one hundred
milliseconds for example, and a second exposure is then

made. At this point the regulator action of anode cur-
rent (ma) would have begun. By comparing the anode
current readings, the operation of the regulator could
be analyzed.

Now referring to FIG. 6 the front panel section 80
which is connected to the computing section 70, as
shown 1 FIG. 1, includes a display section 84 and a
control section 82, as shown. Display section 84 further
includes a display 604 used to display filament current.
(Ir “FIL AMPS”) or line voltage (V;, “LINE”) or line
voltage of a falling load generator (Vz “LINE N/L).
The desired measurement is here selected prior to expo-
sure by positioning control knob 614, as indicated. Dis-
play 606 displays the measured exposure time in milli-
seconds (“MSEC”). Display 608 displays alternatively
anode current in milhamps (“MA”’) or exposure quan-
tity i milliampere-seconds (“MAS”) selectively in ac-
cordance with the position of knob 612. Values for both
parameters are here stored in computing section 70 and
can be selectively displayed after exposure by knob 612.
Display 610 displays the measured anode voltage (A)
“ANODE”), “CATHODE” or anode plus cathode
voltage (““A+C”). The desired measurement must here
be selected by control 611 prior to the exposure. “Per-
cent/Preset” display 618 is used to display the trigger
level provided by the technician through a trigger level
control 644. Such trigger level 1s used to generate the
voltage at the output of amplifier 273 (FIG. 2B) of
triggering section 44 as described above. “Exposure
number” display 619, is used to display the exposure
number of a selected one of a set of exposures in a man-
ner to be discussed in conjunction with control panel
82. Suffice it to say here that such display presents to the
technician the number of the exposures which have
been taken in the current series of exposures.

Control panel 82 includes a system delay control 622,
here a potentiometer used to generate a voltage corre-
sponding to a variable delay over the range of zero to
one thousand milliseconds as described in connection
with FIGS. 8D and 5E. “KYV delay” potentiometer 624
1s used to generate a delay up to twenty milliseconds,
prior to resetting the peak detector capacitor 230 (FIG.
2A). The KV delay when used by the computer section
70 allows only the trailing portions of the anode voltage
(A) or cathode voltage (C) pulse to effect the measure-
ment of peak anode or cathode voltage. A maximum
delay of 20 ms is herein provided. Trigger source selec-
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tor switch 626 is used to select the various trigger
sources available to the X-ray system cahibrator here:
external “EXT”, automatic “AUTQO”, anode current
(“MA”), peak anode (A), cathode (C) or anode plus
cathode (A 4+ C) voltage “KVP”. In the external switch
position, the system trigger is derived from an external
source 288 (FIG. 2B). The “MA” position aliows the
system to trigger from the anode current (ma) signal.
The “K VP position allows the system to trigger from
the X-ray tube electrode voltage signal which 1s se-
lected with “ANODE A +C, CATHODE” control 611
prior to an exposure measurement. In the “AUTO”
position the system automatically triggers under the
control of the computing section 70 with a fixed rate,
here of approximately one-half a second. The auto trig-
ger position is useful, to enable a technician to ascertain
the standby values of certain operating parameters of
the X-ray system such as anode, cathode, line voltage
and filament current.

“Procedure” switch 628 is used to select the operat-
ing mode of the X-ray system calibrator. The X-ray
system calibrator has three operating modes. In the first
mode, the procedure position “off” is used for normal
data gathering operations of the X-ray calibrator that is,
parameters are measured in response to an exposure
initiated by the technician. In the second mode, the
calibrator performs a test of its own analog and digital
circuitry, i.e. that is, a self diagnostic program. The
third mode, i.e. the coefficient of wvariation mode
(“COEFF VAR”), the computing section 70 (FIG. 1)
- calculates a coefficient of variation of selected operat-
. ing parameters for up to ten sets of stored operating
.parameters measured over ten corresponding exposure
‘intervals and outputs the results to the corresponding
displays. A coefficient of variation is here calculated for
selected parameters such as anode current (ma), peak
- voltage (KV) and exposure quantity (MAS). The coetti-
~cient of variation is here given by:

CV =[1/X] [(Xi~X)/(n— D]}

~where:
- CV =coefficient of variation

X =mean value of the displayed parameter

X;==it" value of the displayed parameter

n=number of exposures in the sequence of exposures,

here n=1 to 10

During the coefficient of variation mode the system
delay potentiometer control knob 644 must be turned to
the off position here fully counterclockwise, in order to

obtain CV over ten full exposure intervals.

- “Trigger mode” switch 630, is a two position switch
used to select the type of trigger reference or threshold
level signal fed to comparator 274 (F1G. 2B). When the
trigger mode switch is used to select the percentage
mode, the trigger reference level is calculated by the
computing section 70 as a percentage of the measured
selected trigger source signal occurring during the last

10

15

20

25

30

35

45

50

33

previous exposure interval. When the trigger mode

switch is used to select the preset mode, the trigger
reference level is determined from the trigger reference
level control 644, as an absolute value of the selected
anode current or anode or cathode voltage trigger
source signal or external trigger signal, as described
above.

Trigger reference level knob 644, here a potentiome-
ter allows the user to select the variable preset percent
level or the preset trigger reference level prior to expo-
sure. The trigger reference level signal is interpreted as
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a preset trigger reference level control or a percentage
reference level control depending upon the state of the
trigger mode switch 630. Trigger reference level 644 1s
used only when (A), (C), (A+C), (Ma) or external
trigger sources are selected. The trigger reference level
is coupléd to the digitizing section 60 by coupling the
trigger reference level line 57 through switch 246 of
selector section 45 (FIG. 2B). The computing section 70
then computes a digital word representative of the
value of the coupled trigger reference level signal
When the digital word is to be read, it is read from the
computing section 70 and is fed to D/A converter 272
for use by the triggering section 44.

“Manual trigger” knob 632, here a push button, when
depressed will cause the calibrator to measure standby
filament current (I, line voltage (V ), X-ray tube volt-
age cathode current-sec. (MAS) and elapsed time for
one exposure.

“Clear reading’ knob 634, here a push button switch,
when depressed will cause the computing section 70 to
clear out the exposure data stored in memory 406 (FIG.
4) corresponding to the current exposure number and
resets the exposure number count to that of the previous
exposure. This switch is useful when making a series of
exposures for replacing a set of erroneous data which
occurred due to environmental noise. This allows for an
otherwise competent set of data to be preserved and an
additional reading to be obtained to replace the errone-
ous reading. |

“Exposure recall” knob 636, here a push button
switch when depressed will cause the computing sec-
tion 70 to recall operating parameter for each of the
previous nine or fewer exposures. Depressing this
switch once allows the processor 70 to decrement the
exposure number and display the previous exposure
operating parameters in displays 604, 608 and 610. For
example, this allows the X-ray technician to analyze the
previous nine or fewer exposures, when a large varia-
tion is noticed in one or more of the operating parame-
ters of the X-ray system. This will assist the X-ray tech-
nician in determining the cause of the variation in the
operating parameter by aiding him in determining
which component of the X-ray system including the
tube is operating improperly. Further, depressing this
switch does not alter the contents of the memory loca-
tions corresponding to the previously display of such
operating parameters.

“Reset button™ 638, when depressed causes the com-
puting section 638 to clear such section 638 and re-ini-
tialize the system for the start of the next exposure se-

quence.
Power switch 642, when in the on position allows

power to be supply X-ray to the system tester. When in
the on position led light 640 will indicate that power 1s
being supplied to the system.

Now referring to FIGS. 7-16 flow charts which sum-
marize a sequence of instruction stored in program store
memory 404 (FIG. 4) are shown. Referring first to F1G.
7, the “main routine” for the X-ray system tester 10
includes as a first step, the enablement of mterrupts
which are generated by the digital counting section 62
on line 784 and by an end trigger pulse signal, start
trigger pulse signal and start exposure indicator signal
generated by the gating section 63 on lines 784, 786 and
78¢, additional interrupts may be generated by (manual
trigger) button 632, (clear reading) button 634 and (ex-
posure recall) button 636. In the second step of the
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“main routine”, programmable timer 316 and peripheral
interface section 420 are initialized with control and
status information supplied from computer section 70
which configures timer section 316 and section 320 as
previously explained. Upon completion of the “main
routine” control is transferred to the idler routine

shown in FIGS. 8A and 8B.

Referring now to FIG. 8A and FIG. 8B, the idler
routine as a first step scans all the front panel switches
including switch 611, switch 612, switch 614, switch
628 and switch 630. In accordance with the positions of
the switches, control information is then inputted by the
computing section 70 (FIG. 1) and used for further
processing by the X-ray system tester. The control
information as scanned from the switches 611, 612, 614,
628, 630 is processed and outputted to the peripheral
interface section 420 to provide the necessary control
information on calibrator control bus 72, to control the
operation of the analog preprocessing section 40 (FIG.
1), digitizing section 60 (FIG. 2), and the computing
section 70. For example, when the switch 611 is placed
in the “anode” position, a control signal fed by control
line 72a (FIG. 2A) couples the output of the amplifier
204 to the output of the selector 210. Thus, the anode
voltage from the X-ray system 11 will be processed. If
the “A 4+ C” position of switch 611 is selected, control
signals are fed by control lines 72¢ and 72b to couple
anode voltage (A) from amplifier section 204 and cath-
ode voltage (C) from amplifier section 216 to the output
of selector 210. In this manner, the sum of anode plus
cathode voltages (A +C) is processed, by the comput-
ing section 70. If the “cathode” position of switch 611 is
selected, a control signal fed by line 725 will couple the
output of amplifier 216 to the output of selector 210.
Thus, cathode voltage will be processed by the comput-
ing section 70. Switch 612, when in the “MA” position,
will cause the computing section 70 to output the value
corresponding to anode current and to the display 608.
Similarly, when the position of switch 612 is in the
“MAS” position, the computing section 70 will output
to the display 608 the value corresponding to the quan-
tity MAS. In a similar manner when the switch 614 is in
the “FILAMPS” position, a control signal fed by line
72d will couple the output of amplifier 244 to the output
of switch 246. Thus, the filament current (Iy) will be
processed by the computing section 70 and the value
obtained for filament current (I will be displayed in
display 604. In a similar manner when switch 614 is in
‘the “line N/L” position, a control signal on 72¢ will
couple the input line 247 to the output of switch 246. In
- this manner, line voltage V will be processed. Addi-
tionally, the computing section will go through a rou-
tine to process line voltage under a falling load condi-
tion by selecting switch position 614 in the “LINE

N/L” position. In a similar manner when switch 614 is

placed in the “LLINE” position, line voltage will be
processed by the computing section 70 and displayed in
the display 604. When switch 626 in the “EX'T” posi-
tion, a control signal carried by control line 72k will
couple input line 288 to the output of selector 276 (FIG.
2B) thus enabling the external trigger source input to
produce a trigger pulse at the output of comparator 274.
When “trigger source” switch 626 is in the “auto” posi-
tion, a trigger signal will be generated by the computing
section 70 to periodically update standby values for the
operating parameter the X-ray system as explained
above. When “trigger source” switch 626 1s in the MA
position, control signals fed by control lines 72/ and 72/
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will be decoded and selector 282 couples the input cor-
responding to anode current line 47 (FIG. 2A) to its
output. A control signal fed by line 72k will cause selec- |
tor 276 to be coupled to the output of selector 282 to
provide a trigger source signal on the input of compara-
tor 274. In a similar manner when “trigger source”
switch 626 1s placed in the “KVP” position, control
signals 721, 72j and 72k will couple ouptut line 231 (FIG.
2A) to the output of selector 276 to provide a trigger
pulse from the output of comparator 274. Control sig-
nals provided by *“procedure” switch 628 and ‘“‘trigger
mode” switch 630 are used by the computing section 70
during the operation of the X-ray system tester 10 to
determine the mode of operation of the X-ray system
tester 10 and the method by which a trigger reference
signal 1s provided as previously explained above.

During step 2 of the “idler routine” a trigger refer-
ence level voltage from the trigger reference level po-
tentiometer 644 on the front panel 80 is inputted to the
computing section 70. This is accomplished by the com-
puting section 70 producing control signals on lines
72/-72h. In response to such control signals selector 45
couples the trigger level signal on input line 57 to the
output of the selector section 45. This output V/FC 61
voltage is then applied to the V/FC section 61 to gener-
ate a train of output pulses having a frequency propor-
tional to the applied trigger level voltage. The fre-
quency of the pulse train is determined by the counter
section 62 and computing section 70 as described above.
The trigger level voltage having been digitized and
calculated by the computing section 70 is stored into the
memory 406 of the computing section 70 and 1s dis-
played by display 618.

In step 3 the system in a like manner obtains KV
delay and system delay parameters from dials 622, 624
on the front panel 80 through V/FC section 61 as was
performed in the step 2 of the idler routine for trigger
level signal. |

In step 4 the sequence is used to determine which
trigger source was selected from switch 626 is per-
formed. If an X-ray pulse voltage trigger source
“KVP” is selected the peripheral interface device 420
to enable signals on control lines 72/-72h to couple an
X-ray tube voltage signal (i.e. anode voltage, cathode
voltage or anode plus cathode voltage) to the compara-
tor 274. If, on the other hand, the anode current trigger
source “MA” 1s selected from the front panel the pe-
ripheral interface device 420 enables signals on control
lines 72i-72h to couple anode current to the comparator
274. If the test switch was selected, the computing sec-
tion 70 transfers control to a test routine used to self test
the analog and digital sections of the X-ray tester sys-
tem. |

In step § the X-ray generator line voltage (V) is
obtained in a manner as explained above for obtaining
the trigger level voltage by coupling input line 53 (FIG.
2A) to the V/FC 61 FIG. 3) and counting the number
of pulses in the pulse train from the V/FC 61 as ex-
plained above.

Step 6 of the idler routine is to determine whether a
trigger source corresponding to tube voltage (A), (C) or
(A4 C) or anode current (ma) was selected. If neither
an (ma), (A), (C) or (A+C) was selected an external
trigger routine (XTRIG) 1s called. This routine will be
discussed in conjunction with FIG. 9. |

Step 7 of the idler routine is to determine which trig-
ger mode has been selected from the trigger mode
switch 630 (FIG. 6). If the preset position is selected,
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the trigger reference level read through the V/F con-
verter section 61 is the actual trigger level to be apphied
‘to the D/A converter 272 and provide the threshold
level signal for comparator 274 (FI1G. 2B) in producing
the trigger pulse. If the preset position of the trigger
mode switch 630 (FIG. 6) is not selected then the com-
puting section 70 calculates the threshold level signal
and such calculated signal 1s fed by the computing sec-
tion 70 to D/A converter 272. Here the threshold level
is determined by the following calculation: The abso-
lute value of the selected trigger source signal obtained
during the last previous exposure i1s multiplied by a
percentage factor derived by the computing section 70
from the trigger level voltage signal obtained from the
front panel potentiometer 644. This is the end of the
idler routine and control is transferred back to the be-
ginning of the idler routine and the entire process is
repeated. Control is removed from the idler routine
only upon the occurrence of either of two events on an
interrupt to be discussed in conjunction with FIGS. 10
through 16; or, system power turn-off.

Now referring to FIG. 9, the flow chart for the exter-
nal trigger routine (XTRIG) is shown. Step 1 in the
external trigger routine is to determine whether the
external trigger position of trigger source switch 626,
was selected. If an external trigger was selected then it
is determined whether the percent position of trigger
mode switch 630 was selected. If the percent switch 630

 was selected, the error light 616 is turned on. In either
 event, the peripheral interface device 420 1s then set up
~for an external trigger because here the percent position
- of trigger mode switch 630 is not applicable for an ex-
~. ternal trigger signal. After the peripheral interface has
~ been set up for an external trigger the line voltage (V)
is read and control is transferred to the idler routine
because the “auto trigger” has not been selected since
.. auto trigger and external trigger modes are mutually
exclusive.

.. In step 2, if the auto trigger mode was selected, the
~values of standby filament current (Ir), exposure time,
- peak anode voltage (A), peak cathode voltage (C) or
- peak anode plus cathode voltage (A +C), line voltage

'V and milliamp current seconds (MAS) are obtained
from the X-ray generating apparatus 11 and their values
are computed by computing section 70 for display. The
computing section 70 will wait approximately 0.5 sec-
onds, before transferring control back to the idler rou-
tine. Thus in the auto mode the above parameters are
updated at approximately 0.5 second intervals.

At this point, the computing section 70 has initialized
the analog preprocessing section 40, digitizing section
60 and internal buffers in the computing section 70
(FIG. 1) to enable the start of an operational sequence
of the X-ray system calibrator 10 by a technician In
response to each X-ray exposure taken by such techni-
cian. When an activation signal (not shown) is sent to
the X-ray system 11 by the technician to take an expo-
sure, the X-ray tube is made operational and X-rays are
emitted thereby. During this emission X-ray tube volt-
ages and currents referred to above as operating param-
eters are supplied to the X-ray tester 10 via the high
voltage unit 20 (FIG. 1). A series of trigger pulses 1s
generated by trigger section 44 because of the alternat-
ing current nature of the X-ray operating parameters.
These signals are applied to comparator 274 to generate
corresponding trigger pulses on line 275 applied to
comparator 274 (FIG. 2B) generated by the analog
preprocessing section 40 from the X-ray system 11
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(FIG. 1). The state of the trigger signal in then used to
determine the sequence of operation of the computing
section 70 in a manner now to be described. The trigger
pulses generated on line 275 (FIG. 2B) produce end
trigger pulse, start trigger pulse and start exposure indi-
cator signals on lines 78a-78¢ respectively as described
above. These signals on lines 78a4-78¢ generate inter-
rupts to the computing section 70. End trigger pulse and
start trigger pulse signals on lines 78a-78b respectively
generate an IRQINT interrupt. Start exposure indicator
signal generates the NMI interrupt.

FIG. 10 shows a flow chart for an interrupt handler
(IRQ HANDLER) routine. When an mterrupt occurs
in a manner to be described in connection with FIGS.
11-16B a corresponding routine for the interrupt 1s
called by the computing section 70 to service the device
causing the interrupt.

FIG. 11 is a flow chart which depicts the sequence of
operations of the IRQINT interrupt routine. Step 1 of
the IRQINT routine produces a signal sent to the pe-
ripheral interface section 420 which is then fed to the
sample and hold section 250 via hine 72/ to place the
sample and hold section 250 in a sample mode.

Step 2 of the routine is used to read the contents of
timers 318z and 3186 of timer section 316 into data
memory 406. The initial contents of the timers
3182-318b are zero. This corresponds to reading the
residual number of counts which occurred in the timers
between TMEINT interrupts to be later described.

Step 3 is used to determine the state of the trigger
pulse signal by examining the state of the “end trigger
pulse” and “start trigger pulse” signals on lines 78a, 78b.
If the trigger pulse signal is is present (i.e. “start trigger
pulse” produced the interrupt) then the control signal
on line 72/ is asserted to enable sample and hold section
250 to hold on capacitor 252 the value of the selected
voltage signal representative of (Ir) or (VL) as previ-
ously explained. If the trigger signal is not present then
the control signal on line 72/ is not asserted. In either
event step 4 of the routine is used to initialize the delay
register included in the processor 400 (i.e. used for set-
ting up system delay and KV delay features as described
previously) and re-enable the computing section 70 for
new “end trigger pulse” and “start trigger pulse” inter-
rupts. Control is returned to the idler routine by execu-
tion of a return from interrupt instruction by computing
section 70. |

Referring now to FIG. 12, a flow chart for a
TMEINT interrupt routine is shown. The TMEINT
interrupt occurs when there is an overflow in the timer
section line 316. The interrupt handler routine
TMEINT keeps track of the number of the TMEINT
interrupts which have occurred on line 784, the particu-
lar one of the timers 3184-318b which caused the inter-
rupt and stores the resulting number of TMEINT inter-
rupts in a memory location of a computing section 70
corresponding to the one of the timers 3182-3185 which
causes the interrupt, as was previously explained. The
programmable timer 316 is then enabled for a new inter-
rupt. Control is then returned to the idler routine by
execution of return interrupt instruction.

Now referring to FIG. 13, the flow chart for a
CLEAR interrupt routine is shown. A CLEAR mter-
rupt results from the clear switch 634 being pushed
from the front panel. The interrupt handler routine
“CLEAR” will decrement the current exposure num-
ber and alter all address pointers, pointing t0 memory
locations in computing section 70 which correspond to



4,578,767

21

the decremented exposure number data. Thus the next
exposure will replace data in memory corresponding to
the exposure number which was decremented in the
locations pointed to by the altered address pointer.
Control is then returned to idler routine through a re-
turn from interrupt instruction.

Now referring to FIG. 14, the flow chart for a RE-

CALL interrupt routine is shown. A RECALL inter-
rupt results from the recall 636 switch being pushed on
the front panel. The RECALL routine decrements the
current exposure number and displays the contents of
the previous data set. The values of the sets of operating
parameters corresponding to the current exposure num-
ber and the previous exposure number are not altered
by this routine. This routine thus permits flexibility in
analyzing the data obtained from the X-ray system, as
was previously explained. The peripheral interface in-
terrupt 1s then enabled and control is then returned to
the idler routine through the execution of the return
from interrupt instruction.

FIG. 135 shows the flow chart for a MANUAL inter-
rupt routine. A MANUAL interrupt results from the
MANUAL trigger switch 632 being pushed on the
front panel. In step 1 of the “manual routine”, the com-
puting section 70 obtains readings for MAS and anode
voltage (A) or cathode voltage (C) parameters as se-
lected previously, resets the peak detector 226 (FIG.
2A) and obtains standby filament current or line voltage
readings.

Step 2 of the “manual routine” ( the X-ray tube oper-
ating parameters obtained above) is used to calculate
values for using a floating point arithmetic package.
The display 84 is then updated by the computing section
70 with the new calculated operating parameter values.
Control 1s then returned to the idler routine through a
return from interrupt instruction. The “manual routine”
In essence 1s a manual trigger routine, the values present
(1.e. standby values) at the time the trigger is initiated
are read by the X-ray system tester.

The FIG. 16 shows the nonmaskable interrupt rou-

., _tine “NMI”. This interrupt routine occurs when the

start exposure indicator signal is produced by gating
section 63 (FIG. 3) as previously explained. In step 1 the
computing section 70 sets for an anode current (ma)
reading, then delays for here a 0.1 millisecond interval
" prior to determining the level of the trigger signal. The
computing section 70 then determines the level of the
trigger signal by examining the last value for end trigger
pulse and stop trigger pulse. If the trigger signal is equal
to a one as determined from examining the end trigger
pulse signal, this indicates that a glitch occurred. The
programmable peripheral interface section 420 is re-
enabled and control is transferred back to the idler
routine by execution of a return from interrupt instruc-
tion. This step corresponds to “glitch filter”. If the
trigger was determined to be equal to a zero, control is
passed to the second step of the NMI routine.

In step 2, a delay loop is entered for a period equal to
the corresponding system delay as determined in the
idler routine. After this delay period has elapsed, the
selector 45 (FIG. 1) is configured, to couple anode
current (ma) (i.e. line 47) to the digitizing section 60
(FIG. 1). The digitizing section 60 converts the coupled
signal proportional to anode current (ma) to a digitized
count, and keeps track of the length of the exposure
interval as explained previously. This information is
supplied to the computing section 70 through the inter-
rupts on lines 78a, 785, 784 (FIG. 3) as explained above.
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During this time, the quantity MAS is being measured
in the timer 318 and exposure duration is measured on
timer 3185.

In step 3, the computing section 70 delays for up to a
twenty millisecond interval prior to reseting the peak
detector capacitor 230. This variable delay, which cor-
responds to the KV delay feature indicated previously,

1s used to filter out all leading edge transients from the
measurements of peak anode (A) or peak cathode (C) or
peak anode plus cathode voltage (A + C).

In step 4, the exposure number is incremented and
stored, all internal buffers are initialized, all maskable
Interrupts are enabled, and the peripheral interface is
enabled for a new nonmaskable interrupt.

In step 5, the computing section 70 delays for a ten
millisecond interval prior to testing the trigger signal. If
an mterrupt occurs while in this loop, control is trans-
ferred to the interrupt handler (FIG. 10). Without an
interrupt occurring, the state of the trigger pulse signal
is determined every ten milliseconds as explained
above. If the trigger pulse signal after the end of any ten
milliseconds interval is equal to a one, this indicates that
the exposure interval is over and control is then trans-
ferred out of the loop and into a routine which calcu-
lates the measured system parameters. This step is par-
ticularly useful to automatically adapt the X-ray tester
10 to measure operating parameters of both single phase
or multiphase (i.e. three phase) systems. Since single
phase systems produce signals which are multiples of
8.33 milliseconds, this step permits the X-ray tester 10 to
distinguish between the next trigger signal and the start
of a new exposure for a single phase system. In step 6,
the computing section 70 disables the peripheral inter-
face section 420 (FIG. 4) for new end trigger and start
trigger pulse interrupts. In step 7 the computing section
70 enables the signals corresponding to parameters such
as peak anode or peak cathode or peak anode plus cath-
ode voltages, filament current or line voltage to selec-
tively couple through the selector 45 (FIG. 1) to the
voltage to frequency converter section 61. In step 8 the
values of these parameters as explained above are calcu-
lated using the floating point arithmetic package. The
values for parameters mA, MaS, (A) or (C) or (A+C),
line voltage (V) or filament current (I) are outputted
to display 84 by the computing section 70. Control is
then returned to the idler routine by the execution of a

return from interrupt instruction.

Having described a preferred embodiment of the
invention it will now be apparent to one of skill in the
art that other embodiments incorporating its concept
may be used. It is felt, therefore, that this invention
should not be restricted to the disclosed embodiment
but rather should be limited only by the spmt and scope
of the appended claims.

What is claimed is:

1. Apparatus for measuring a plurality of operating
voltages and currents of an X-ray system comprising:

means for providing a first plurality of output analog

signals, each one being representative of a corre-
sponding one of the plurality of operating voltages
and currents of the X-ray system;

means for producing a second plurality of output

analog signals, each one corresponding to an oper-
ator selected signal;

means responsive to a control signal for coupling one

of the first plurality of output analog signals and
the second plurality of output analog signals to an
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output thereof selectively in accordance with the
control signal;

a voltage to frequency converter coupled to the out-
put of the selector means to convert the selected
one of the input analog signals into a train of pulses
having a frequency proportional to the value of the
selected parameter; and

means, fed by the train of pulses for calculating the

value of the selected one of the operating parame-

ters and operator selected processing signals in
response to the frequency of the pulse train.

2. Apparatus for measuring operating voltages and
currents of an X-ray system comprising:

means for sensing signals corresponding to the oper-
ating voltages and current signals of the X-ray
system,;

means for producing a plurality of operator selectable
analog processing signals;

means, responsive to a pair of control signals, for
coupling one of the signals corresponding to the
operating voltages and currents to an output of the
coupling means in response to a first one of the pair
of control signals and for coupling one of the plu-
rality of operator selectable analog processing sig-
nals to the output of the coupling means in response
to a second one of the pair of control signals;

means coupled to the output of the coupling means
for converting the signal produced at the output of
the coupling means into a corresponding digital
signal;

control means, for producing during an initialization
mode, the second one of the pair of control signals
and for producing, during an operating mode, the
first one of the pair of control signals; and

wherein a first one of said operator selectable analog
signals corresponding to a predetermined time
interval, and wherein in response to the start of an
operational interval of the X-ray system, said con-
trol means provides said first control signal after
the predetermined time interval.

3. The apparatus of claim 2 further comprising:

(a) means for storing a plurality of sets of data, each
set of data representing the processed value of said
operating voltages and currents produced by the
X-ray system in response to the operation of the
X-ray system; and

(b) means for recalling a selected one of the stored
plurality of sets of data.

4. The apparatus as recited in claim 2 wherein one of
said operating voltages and currents of the X-ray sys-
tem is a first one of peak anode and peak cathode volt-
age signals and wherein said first one of said operator
selectable analog signals corresponding to a predeter-
mined time interval is fed to said computing means to
provide a control signal after a predetermined time
interval corresponding to the value of said operator
selected control signal to provide a peak value of the
selected one of peak anode and peak cathode voltage
corresponding to the peak value of such selected volt-
age signal after the predetermined time interval.

5. The apparatus as recited in claim 2 wherein one of
said operator selectable control signals corresponds to a
first selectable time interval and wherein in response to
the initiation of an exposure interval of the X-ray sys-
tem, said control means provides each one of the con-
trol signals after a predetermined time interval corre-
sponding to the value of said parameter control signal
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6. The apparatus as recited in claim 5 wherein said
control means provides control signals to measure each
one of said first plurality of output analog output signals
over a second, different predetermined time interval,
said interval being less than the time duration of the
exposure interval of the X-ray system.

7. A method for measuring operating parameters of
an X-ray system in accordance with operator selected
signals comprising the steps of:

feeding analog signals representative of the plurality

of operating parameters and operator selected sig-
nals to a multiplexer; o
converting each one of said analog signals into a
digital signal further comprising the steps of:
selecting one of said analog signals by feeding a con-
trol signal to said multiplexer to select the analog
signal;
converting the selected analog signal to a pulse train
having a frequency related to a value of the se-
lected analog signal;

counting the number of pulses in the pulse train dur-

ing a predetermined time interval;

calculating the value for the selected signal by divid-

ing the number of pulses in the pulse train by the
predetermined time interval.

8. The method as recited in claim 7 wherein one of
said operator signals is a system delay signal and
wherein said method further comprises the step of de-
laying a predetermined amount of time prior to count-
ing the number of pulses occurring in the pulse train in
accordance with the value of said system delay signal.

9. The method as recited in claim 7 further compris-
ing the steps of:

operating the X-ray system, a plurality of times;

storing a plurality of sets of data, each set of data

representing the calculated value of operating pa-
rameters produced by the X-ray system in the re-
sponse to the operation of the X-ray system; and
~ recalling a selected one of the stored plurality of sets
of data.
10. A testing apparatus for measuring the operating
voltages and currents of an X-ray system having an
X-ray tube including anode, cathode and filament elec-
trodes, a high voltage supply source coupled to the
anode and cathode electrodes, and a filament supply
source coupled to the filament electrode comprising:
computing means for executing a set of instructions
and for providing in accordance with such exe-
cuted instructions a plurality of control signals;

anode current sensing means, fed by a first signal
proportional to anode current produced by the
X-ray tube during an exposure interval, for produc-
ing a first analog output signal representative of
analog current during operation of the X-ray sys-
tem;

anode and cathode voltage sensing means, fed by a

second signal proportional to the anode voltage
and a third signal proportional to cathode voltage
of the X-ray tube for producing a second analog
output signal representative of the peak value of a
selected one of the anode voltage and cathode
voltage signals;

- line voltage and filament current sensing means, fed
by a fourth signal proportional to filament current
and a fifth signal proportional to the value of an
input line voltage fed to the high voltage supply
source for producing a third analog output signal
representative of the steady state value of a se-
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lected one of line voltage and filament current

signals;

means, fed by such first, second and third analog
output signals, for selectively coupling one of such
analog output signals to an output thereof, in accor-
dance with control signals provided by the com-
puting means;

voltage to frequency converier means coupled to the
output of the selector means for producing a train
of pulses having a frequency proportional to the
amplitude of the selected analog signal coupled to
the output of the selector means:

pulse counting means for counting the number of
pulses the train of pulses and for providing the
number of said pulses to the computing means;

means for providing to the computing means a signal
indicative of the start of an exposure interval of the
X-ray system and for initiating the sequence of
instructions to provide the control signals; and

wherein the computing means is fed the number of
counts mn the pulse train over the predetermined
time interval, calculates ‘a value corresponding to
the value of the selected one of such operating
voltages and current of the X-ray system, stores

such calculated value in the memory, and provides
a second, different set of control signals for select-

ing a second, different one of said analog output
signals.

11. An apparatus for measuring the operating volt-
ages and currents of an X-ray system having an X-ray
tube including anode, cathode and filament electrodes, a
high voltage supply source coupled to the anode and
cathode electrodes, and a filament supply source cou-
pled to the filament electrode comprising:

computing means for executing a set of instructions

stored 1n a memory and for providing in accor-
dance with such executed instructions a plurality of
control signals;

first means for providing a first plurality of output

analog voltage signals comprising:

© anode current sensing means, fed by a signal propor-

tional to anode current, for producing a first one of
such first plurality of output analog voltage signals
representative of analog current during operation
of the X-ray system:;

anode, cathode voltage sensing means, fed by a signal
proportional to anode voltage and a signal propor-
tional to cathode voltage, for selecting in accor-
dance with a control signal provided from the
computing means, one of such anode voltage and
cathode voltage signals, said means further includ-
ing a peak detector fed by the selected one of such
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and cathode voltage signals, said peak detector
being fed a control signal from the computing
means to reset the peak detector prior to a measure-
ment interval;

line voltage and filament current sensing means, fed

by a signal proportional to filament current and a
signal proportional to an input line voltage signal
provided to the high voltage supply source, for
selecting 1n accordance with a second pair of such
signals provided from the computing means, one of
such line voltage and filament current signals, and
for producing a third one of such plurality of out-
put analog voltage signals representative of the
steady state value of the selected signal;

second means for producing a second plurality of

analog output voltage signals proportional to oper-
ator selectable control signals; ‘
selector means fed by such first and second plurality
of analog output voltage signals for coupling one of
such analog output signals to an output of such
second means selectively in accordance with con-
trol signals provided by the computing means;

converter means coupled to the output of the selector
means for converting the selected analog output
voltage signal into a digitized representation of
such signal which is fed to the computing means
and stored in a memory; and

triggering means, for producing a signal indicative of

the start of an exposure of the X-ray system.

12. The apparatus es recited in claim 11 wherein one
of said operator selectable control signals corresponds
to a predetermined time interval, and wherein in re-
sponse to the mitiation of an exposure sequence, said
computing means provides a peak detector reset control
signal to the peak detector after a time interval corre-
sponding to the value of said operator selectable control
signal to provide a peak value of the selected one of
peak anode and peak cathode voltage corresponding to
the peak value of the selected voltage after the predeter-
mined time interval.

13. The apparatus as recited in claim 11 wherein one
of said operator selectable control signals corresponds
to a first selectable time interval, and wherein in re-
sponse to the initiation of an exposure sequence, said
computing means provides each one of the control
signals after a time interval corresponding to the value
of said parameter control signal.

14. The apparatus as recited in claim 13 wherein said
computing means provides control signals to measure
each one of said first plurality of output analog voltage
signals over a second, predetermined time interval, said
interval being less than the time duration of an exposure

interval of the X-ray system.
%* Xk *x * %
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